Abstract The aim of this study was to examine the oxidative status in Egyptian patients suffering chronic fascioliasis. The relationship between serum malondialdehyde (MDA) levels, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) activities was investigated in relation to the level of liver enzymes; ALT and AST compared to healthy controls. Twenty patients versus ten controls were included in the study. Among cases the MDA, CAT, AST and ALT were higher than controls, while SOD and GPX higher values were present among controls. There was a highly significant difference between cases and controls as regard MDA, CAT, SOD, GPX, and AST, and a significant difference regarding ALT. The findings of increased serum lipid peroxidation and decreased antioxidant enzymes in erythrocytes of chronic fascioliasis patients indicated the presence of persistent inflammation and oxidative stress which confirms the underlying pathogenesis and reflected the stage of infection providing a baseline data for comparison between normal and infected patients guided by the level of liver enzymes in relation to oxidative status.
Introduction
The liver flukes, Fasciola hepatica and Fasciola gigantica are the causative agents of fascioliasis, a food-borne zoonotic disease affecting grazing animals and humans (Boray 1997) . It is a re-emerging human disease with estimates of between 2.4 and 17 million people infected worldwide (Mas-Coma et al. 1999) . Fascioliasis is recognized as an important infectious condition by the World Health Organization which has added it to the preventative chemotherapy concept (WHO 2006) . It is becoming an increasingly important clinical and epidemiological health problem, with prevalence of the suitable snail intermediate host and the presence of large varieties of reservoir hosts that remain as a continuous source of infection in Egypt (Abou-Basha et al. 1983; Hassan et al. 1995) . F. gigantica was considered the endogenous species found in the Nile Delta, while F. hepatica was thought to be present only in imported animals (Abd-Rabo and Abou-Rawash 1998; Halawani and Gindy 1957) . Human in the chronic stage, suffer vague or non-specific gastrointestinal symptoms (MacLean et al. 1999) . Some of them are complicated and, as a result, are diagnosed in operating rooms, where adult parasites are found obstructing the bile ducts or causing hepatic dysfunction. The diagnostic aspects include parasitological, radiological, histopathological and serological tests (Hadden and Pascarelli 1967; Jim'enez et al. 2001) .
Migration of juvenile forms of Fasciola into the host's liver is accompanied by an inflammatory reaction followed by fibrosis and cirrhosis (Dawes 1963; Kolodziejczyk et al. 2005; WHO 1995) . The high chemical reactivity leads to reactions with almost all constituents of the cell, including proteins, lipids, and DNA. This destructive process is invariably associated with chemical alterations in the cell, such as enhancement of membrane lipid peroxidation (LPO) (Maffei Facino et al. 1993) . LPO is an indicator of oxidative stress in cells and tissues. Lipid peroxides derived from polyunsaturated fatty acids are unstable and are decomposed to form a series of compounds, including malondialdehyde (MDA) which is widely used as an indicator of LPO (Singh et al. 1999) .
Production of reactive oxygen species (ROS) and LPO occurs in clinical settings such as hepatic surgery, hemorrhagic shock, and parasitic infections (Bilzer and Gerbes 2000; Jaeschke 2000) . Normal cellular metabolism involves the production of ROS (McCord 1993) . ROS including superoxide anion, hydrogen peroxide, and hydroxyl radical act as subcellular messengers in complex processes such as mitogenic signal transduction, gene expression, and regulation of cell proliferation when they are generated excessively or when enzymatic and non-enzymatic defense systems are impaired (Michiels et al. 1994) . Low levels of ROS are vital for proper cell functioning, while excessive in vivo generation of these products can adversely affect cell functioning (Fattman et al. 2003; Gregorevic et al. 2001) . Attacks by ROS cause alterations in molecular structure and biological properties which may be detrimental to the cell when antioxidant mechanisms are compromised or ROS scavenging is ineffective (Fujita 2002) .
In vitro proteomics support the release of several major protein superfamilies from liver flukes. These products include enzymes with important antioxidant functions (Jefferies et al. 2001) . Superoxide dismutase (SOD) catalyses the dismutation of superoxide radical to hydrogen peroxide and water, Catalase (CAT) catalyses the breakdown of hydrogen peroxide to oxygen and water, and Glutathione peroxidase (GPX) facilitates the destruction of both hydrogen peroxide and organic peroxides (Kidd 1997) . SOD is the first line of defense against ROS and is active in catalyzing detoxification of superoxide radical (Gonzales et al. 1984) . The hydrogen peroxide generated in this reaction is restored to water in the presence of CAT and GPX. Polyunsaturated fatty acids in membrane phospholipids are the main target substrates for oxygen radical activity (Romero et al. 1998) .
The aim of this study was to assess the oxidative status in Egyptian patients suffering chronic fascioliasis reflected by MDA, SOD, GPX, and CAT activities and to measure the coinciding levels of liver enzymes; ALT and AST as markers reflecting liver damage with comparison of results to healthy controls.
Patients and methods

Collection of test and control samples
Blood samples required for the present case control study were collected from cases referred to the Diagnostic and Research Unit, Parasitology Department, Faculty of Medicine, Ain Shams University. The study protocol was approved by the Scientific-Ethics Committee at Faculty of medicine, Ain Shams University. Informed consent was obtained from the study subjects using standard guidelines. Venous blood was taken, inoculated into both non-anticoagulated and anticoagulated tubes (containing sodium EDTA). Samples were categorized into; Group I; 20 patients suffering chronic fascioliasis negative for other parasitic infections by stool examination. Group II; 10 healthy subjects (control). All patients were suffering symptoms for more than 4 months and were passing eggs. Diagnosis was confirmed by Indirect Haemagglutination Test (IHAT). The control groups were sero-negative. Patients with liver dysfunction, sero-positive for hepatitis B and C viruses, suffering other parasitic infections affectin0g the liver, diabetics, cardiac, suffering renal failure, and those taking antioxidant or lipid-lowering therapy within the previous six months were excluded from the study.
Determination of oxidative stress parameters One ml of anticoagulated blood was used for hematologic analysis. Hemoglobin values were determined using an automated blood counter. The remaining anticoagulated blood was separated into plasma and erythrocytes. After centrifugation at 7609g for 15 min, plasma was separated and erythrocyte lysate was prepared. After triple washing of erythrocyte mass with physiological solution, 0.5 ml of cell suspension was dissolved in 2 ml cold water for lysis of erythrocytes. Hemoglobin was then precipitated by adding 1.8 ml water and 0.2 ml ethanol/chloroform (3:5/ v:v) to 0.2 ml lysate. The tubes were shaken for 5 min and centrifuged at 7609g for 20 min. The supernatant was used for the determination of enzyme activities. Samples were stored at -20°C for less than 3 months pending measurement of enzymatic activity (Assady et al. 2011 ).
SOD activity
Total (Cu-Zn and Mn) SOD (EC 1.15.1.1) activity was determined. The test is based on the inhibition of nitroblue tetrazolium (NBT) reduction by the xanthine-xanthine oxidase system as a superoxide generator. Activity was assessed in the ethanol phase of the supernatant after 1.0 ml ethanol/ chloroform mixture (5/3, v/v) was added to the same volume of sample and centrifuged at 4,0009g. One unit of SOD was defined as the enzyme amount causing 50 % inhibition in the NBT reduction rate. Activity was expressed as units per gram of hemoglobin (Kaya et al. 2007 ).
GPX activity
GPX (EC 1.6.4.2) activity was measured. The enzyme reaction in the tube, which contains NADPH, reduced glutathione, sodium azide, and glutathione reductase, was initiated by addition of hydrogen peroxide, and the change in absorbance at 340 nm was monitored by a spectrophotometer. Activity was given as units per gram of hemoglobin in erythrocyte samples (Patterson and Leacke 1998) .
CAT activity
CAT (EC 1.11.1.6) activity was determined. The test is based on the determination of the rate constant (k) or the H 2 O 2 decomposition rate at 240 nm. Results were expressed as k (s -1 ) per gram hemoglobin. Assays were performed at room temperature (25°C) (Aebi 1984) .
Determination of lipid peroxidation
Serum was obtained from 2 ml of blood without anticoagulant centrifuged at 7609g at 4°C for 10 min. Serum samples were used for immediate assay of MDA. MDA level in serum samples was measured using the thiobarbituric acid reaction method. Quantification of thiobarbituric acid reactive substances was determined at 532 nm by comparing the absorption to the standard curve of MDA equivalents generated by acid-catalyzed hydrolysis of 1,1,3,3-tetramethoxypropane. Values of MDA were expressed as U mol/l (Draper and Hadley 1990) .
Determination of liver enzymes
Activities of ALT and AST in serum were determined with the Konelab 30 biochemical analyzer and test kits from Biomerieux.
Data management and analysis
Statistical analysis Continuous variables are expressed as mean and standard deviation. Student t test was used to assess the statistical significance of the difference between two study group mean. Pearson correlation was used to assess the correlation between continuous variables. ROC curve (receiver operating characteristic) was used to evaluate the sensitivity and specificity of markers. All statistical procedures were carried out using SPSS version 15 for Windows (SPSS Inc, Chicago, IL, USA).
Results
There was a highly significant difference between cases and controls as regard (MDA, CAT, SOD, GPX, and AST), and a significant difference between both study groups regarding ALT. Among cases the MDA, CAT, AST and ALT were higher than controls, while for SOD and GPX higher values were present among controls ( Table 1) .
The coefficient, r represents the strength and direction of association and correlation between each 2 enzyme values and the P value shows whether the r is significant or not. When the base line is ascending it's a positive correlation while the correlation declines as it goes horizontal or nearly horizontal till it descends and hence will show a negative correlation. Among cases, there was a significant direct correlation between MDA and each of CAT and AST, while a highly significant negative correlation was found between MDA and each of SOD and GPX. SOD was indirectly correlated with CAT and directly correlated with GPX. ALT showed highly significant direct correlation with AST (Fig. 1) .
ROC curve showed that MDA, CAT, AST, SOD and GPX level could be used for diagnosis of Fasciola. MDA level could be used in diagnosis at a level C0.495, with 100 % sensitivity and 100 % specificity, CAT C 24.75 could be used with 85 % sensitivity and 100 % specificity. SOD B 1,259.25 could be used with 100 % sensitivity and 90 % specificity, GPX B 41.5 could be used with 100 % sensitivity and 100 % specificity (Table 2; Fig. 2 ).
Discussion
ROS including superoxide radical, hydrogen peroxide and hydroxyl radical have a great impact on the normal function of biomolecules like nucleic acids, proteins and cell membrane phospholipids. Free radicals are generated during stepwise reduction of molecular oxygen which is an integral feature of normal cellular function (Tang et al. 1994) . In contrast, excessive generation and inadequate removal of free radicals results in destructive irreversible damage to the cell (Lopaczyski and Zeisel 2001) with an imbalance in the oxidant/antioxidant system (Khadija et al. 2009 ). ROS have been indicated in the pathogenesis of various parasitic infections including Leishmania (Biswas et al. 1997; Kocyigit et al. 2003; Oliveira and Cechini 2002) , Plasmodium falciparum (Kumar and Das 1999), Ascaris lumbricoides , Toxoplasma gondii , Trypanosoma cruzi (Finzi et al. 2004 ). GPX represents a major pathway in the cell for metabolizing hydrogen and lipid peroxides. Therefore, its suppression results in growing accumulation of peroxides up to toxic levels (Halliwell and Gutteridge 1999) . Our results showing lower activity of GPX in comparison to control group confirms the oxidative stress persisting in the chronic phase of fascioliasis.
SODs have been demonstrated from various helminths of different species such as Schistosoma mansoni, Onchocerca volvulus, Dirofilaria immitis, Brugia pahangi, and F. hepatica (Callahan et al. 1991; Hong et al. 1992; James et al. 1994; Kim et al. 2000; Thorpe 1965 ). Infection with F. hepatica was accompanied by rising level of the superoxide radicals which opens a way to act as precursor of other ROS (Abo-Shousha et al. 1999; Oberley and Oberley 1997) . In our study erythrocyte antioxidant enzyme activities of SOD was lower in chronic patients suffering F. gigantica compared to control, this goes with the previous study done by Kolodziejczyk et al. (2005) who confirmed that when the activity of SOD is decreased it leads to elevated content of superoxide anions and indicated a decrease in activities of the main antioxidant enzymes; SOD, GPX and reduction in content of nonenzymatic antioxidants (Kolodziejczyk et al. 2005) .
The only exception in this study was the increased activity of CAT. It was earlier shown that oxidants generated in the liver may activate enzyme gene expression through antioxidant responsive elements (Kolodziejczyk et al. 2005) ; this may explain the increase in CAT activity AUC area under curve, SEM standard error of mean, CI confidence interval, P probability value, HS highly significant ** P \ 0.001 highly significant (HS); * P \ 0.05 significant (S); P [ 0.05 non significant (NS) observed. There was a highly significant difference between cases and controls as regard CAT, SOD, GPX; SOD was indirectly correlated with CAT and directly correlated with GPX. Studies have reported that CAT is a major intracellular antioxidant enzyme (Aslan et al. 2007; Simsek et al. 2006 ) although, Karsen et al. (2011) reported that CAT activity was found to be unimportant in fascioliasis since no statistically significant difference was available between patients and control groups (Ece et al. 2006) . LPO is an ongoing physiological process, but several lines of evidence have suggested an important role for peroxidation in the pathogenesis of several parasitic diseases (Erel et al. 1997; Karsen et al. 2011; Oliveira and Cechini 2002) . LPO caused by ROS results in the disarrangement and ultimately, disruption of cell membranes, which leads to necrotic death (Bagchi et al. 1993) . MDA being one of the final products of LPO in human cells increases with increased ROS (Rushmore et al. 1991) . In our study Serum MDA levels in patients were higher than in controls with a highly significant difference between both study groups. This increase may be considered an indicator of cell injury caused by F. gigantica. This was previously explained by El-Badry (2006) who strongly suggested that one of the main reasons for high MDA levels in patients infected with F. hepatica could be decreased activity of the defense system protecting tissues from free radical damage (El-Badry 2006) . In our study, there was a significant direct correlation between MDA and CAT among cases, while a highly significant negative correlation was found between MDA and each of SOD and GPX.
In an experimental F. hepatica infection, Kaya et al. (2007) have investigated the relationship between fascioliasis and MDA, SOD, CAT, and GPX activities. They reported that the oxidative stress can be one of the underlying factors in the pathogenesis of this chronic disease (Kaya et al. 2007) .
Changes in the antioxidant abilities of the liver and in the phospholipid structure of the cell membrane were accompanied by rising activities of ALT and AST as markers of liver damage (Kolodziejczyk et al. 2005) . In the present study, there was a highly significant difference between cases and controls as regard AST and a significant difference as regard ALT.
The results of the present study provided a baseline data for comparisons between patients with chronic F. gigantica infection, who constitute a respected percentage, versus healthy individuals as regard the fluctuations in the level of antioxidant enzymes in relation to liver enzymes therefore; it can provide a better understanding for biochemical markers of oxidative stress which may add to diagnosis.
